The aim of this study was to evaluate changes in sex hormone metabolism in patients with threatened miscarriage.
Background
Pregnancy is a process that encompasses embryonic and fetal growth in the maternal uterus and is a complicated physiological process that involves coordinated changes. Threatened abortion refers to a situation in which a small amount of vaginal bleeding occurs before 28 weeks of pregnancy without discharging the pregnancy. The bleeding is usually accompanied by paroxysmal abdominal pain or lower back pain [1] . These symptoms may disappear after resting and treatment, and then the pregnancy may continue. However, if the vaginal bleeding increases or the lower abdominal pain intensifies, it may progress into an inevitable abortion. In all, 25% of all pregnancies involve a threatened pregnancy [1] [2] [3] , and this rate has increased in recent years. Most cases occur within the first 8-12 weeks of pregnancy, while relatively few occur after 12 weeks. Approximately 14.3-50% of threatened abortion patients will experience a subsequent complete miscarriage [1, 4] . Studies have confirmed that experiencing a threatened abortion in the first trimester is associated with an increase in adverse pregnancy outcomes, such as an increased risk of miscarriage in the second trimester and a higher incidence of premature rupture of membranes (PROM), placenta previa, placental abruption, pregnancy-induced hypertension (PIH)/preeclampsia (PE), premature delivery (PTD), low birth weight (LBW), and neonatal intensive care unit (NICU) admission [5] [6] [7] [8] .
Many factors contribute to threatened abortion, including embryonic or fetal chromosomal abnormalities, environmental and immune factors, and maternal endocrine dysfunction. With the exception of those caused by embryonic or fetal chromosomal abnormalities, many threatened abortions result in a continued pregnancy after appropriate and timely treatment. Among the treatable causes, female endocrine disorders, such as generally luteal insufficiency, are the major culprits [9, 10] . However, threatened abortions that are caused by environmental and social factors have become more frequent in recent years.
Communication between the fetus and mother during the first trimester is controlled by sex steroids, including progesterone (P 4 ) and estrogen, as well as prolactin, androgen, and human chorionic gonadotrophin (hCG). There are currently no good indexes that can be used to predict and evaluate pregnancies with bleeding during the first trimester. Blood hCG and P 4 levels are the main indexes that are used to diagnose and determine the prognosis in women experiencing a threatened abortion. Estradiol (E 2 ) levels are also used in some cases. The main treatments for threatened abortion are bed rest, luteal support, and combined estrogen and P 4 supplements [11] . It is important to note that the use of most hormone remedies is experience-based, and full-scale individual sex hormone analyses are lacking. However, we often find that symptoms (e.g., vaginal bleeding) do not improve and may even become worse after administering standard hormone supplements. In addition, patients complain about the need for repeated blood tests. Sex steroid metabolism depends on 3 factors: a person's genetic makeup, lifestyle and diet, and the environment. Therefore, increasing our understanding of sex hormone metabolism and interventions with it offers a significant opportunity to reduce the rate of threatened abortions. Hence, developing a non-invasive and comprehensive sex hormone test that can be used to perform a full-scale analysis of sex hormone levels and the levels of their metabolites would benefit patients. In the present study, we used quantitative liquid chromatography-mass spectrometry to compare sex hormone and sex hormone metabolite levels in the urine of women in early pregnancy with and without threatened miscarriage.
Material and Methods

Subjects and samples
The natural pregnancy groups included 73 women in early pregnancy (6-8 weeks of gestation, calculated from the first day of their last menstrual period and after an ultrasound confirmation of a singleton viable pregnancy) who were prospectively recruited from the Outpatient Department of Obstetrics and Gynecology at The First Affiliated Hospital of Anhui Medical University. All pregnant women were divided into 2 groups based on whether they experienced vaginal bleeding in the first trimester. Group A (n=34) was the threatened abortion group, and group B (n=39) was the normal pregnancy group. Women with an irregular menstrual period, a history of recurrent miscarriage, endocrine disease (e.g., thyroid disease), abnormal immunological examination (e.g., ACL or D-D), uterine malformation, or cervical lesions (including cervical incompetence), women who had accepted hormone treatment within 3 the months prior to or during their pregnancy, and women in whom the bleeding originated from an extragenital region were excluded from this study. Data for a set of sex hormones and their metabolites were obtained in normal women of childbearing age who were not pregnant (group C: n=23), and these served as the control group. All the pregnancy outcomes were obtained via chart review or telephone interview. This study was approved by the Institutional Review Board and Ethics Committee of the Affiliated Hospital of Anhui Medical University. All patients enrolled in this study provided informed consent.
All patients underwent blood tests for b-hCG, E 2 , P 4 and testosterone (T) in the morning after fasting following a confirmed diagnosis of an early pregnancy in all included women who satisfied the above criteria.
Urine sample collection: Samples were dried on urine test strips for this study. Morning urine samples were collected on the same day as the blood tests. They were then hung to in a cool, dry, ventilated place at room temperature for 40 to 60 minutes. The completely dried urine test strips were stored at -20°C until they were assayed.
Sex hormones and their metabolites:
The following 39 sex hormones and their metabolites were detected in this study: estrogen (E 2 ) and its metabolites, estrone (E 1 ), estriol (E 3 ), 2-hydroxyestrone (2-OHE 1 ), 4-hydroxyestrone (4-OHE 1 ), 16a-hydroxyestrone (16a-OHE 1 ), 2-methoxyestrone (2-MeOE 1 ), 4-methoxyestrone (4-MeOE 1 ), 2-hydroxyestradiol (2-OHE 2 ), 4-hydroxyestradiol (4-OHE 2 ), 2-methoxyestradiol (2-MeOE 2 ), and 4-methoxyestradiol (4-MeOE 2 ); progesterone and its metabolites, pregnanediol, allopregnanediol, allopregnane, 3a-dihydroprogesterone, 5a-dihydroprogesterone, and 20a-dihydroprogesterone; androgen (A 2 ) and its metabolites, dehydroepiandrosterone (DHEA), androsterone, etiocholanolone, T, 5a-dihydrotestosterone, 5a-androstanediol, 5b-dihydrotestosterone, 5b-androstanediol, and epitestosterone.
The following additional metabolites of steroid hormones were also measured: 11-dexoxycorticosterone, corticosterone, tetrahydro corticosterone, allotetrahydrocorticosterone, cortisol, cortisone, tetrahydrocortisol, and allotetrahydrocortisone.
Laboratory methods
Serum sex hormones were detected using a chemiluminescence method. Detection instrument: Beckman Coulter DXI 800, American; detection agent: Beckman Coulter, USA.
Urinary sex hormones and their metabolites were measured using gas chromatography-triple quadrupole mass spectrometry (GC-MS/MS).
Samples were extracted from dried urine strips using both water and methanol and cleaned on C18-Solid Phase Extraction cartridges. The eluents were dried down and enzymatically hydrolyzed. The liquid extracts of the hydrolysis mixture were dried down and derivatized to trimethylsilyl ethers using MSTFA: NH4I: ethanethiol. A 2-µL volume of final product was injected into an Agilent 7890A gas chromatograph that was coupled to an Agilent 7000B Triple Quadrupole Mass Spectrometer, and all results were analyzed using MassHunter software.
Statistical analysis
The data for all sex hormones and their metabolites are presented as the x±SD or Median (25 th -75 th %) after they were adjusted for creatinine levels. We used t tests to analyze data with a normal distribution; non-parametric tests were used to analyze data with an abnormal distribution. All statistical analyses were performed using SPSS v. 13.0 (SPSS Inc., USA), and results with a p<0.05 were considered significant.
Results
General patient characteristics and blood test results for the early pregnancy cases and pregnancy outcomes included in this study are shown in Table 1 . There were 2 miscarriages in group A and no miscarriages in group B. Except for the 2 miscarriages, all the pregnancies included in the present study proceeded to term birth. However, there were 2 pregnant women with gestational diabetes mellitus (GDM) and 1 with PROM in group A, and only 1 pregnant woman with PROM in group B. There were no differences in age, BMI, and days of gestation between the 2 groups. Serum E 2 and T levels were lower in women with threatened miscarriage (group A). However, there were no differences in serum hCG and progesterone (P 4 ) levels in pregnant women with or without threatened miscarriage. The results for urine levels of sex hormone metabolism in early pregnancy cases are reported in Table 2 . Estrogens and their metabolites were present at lower levels in the threatened miscarriage group (group A) than in the normal pregnancy group (group B). Levels of E 1 , E 2 , E 3 , 16a-OHE 1 , 4-MeOE 1 , 2-OHE 2 , and 4-MeOE 2 were significantly lower in the threatened miscarriage group (group A) (P=0.001, 0.003, 0.009, 0.001, 0.012, 0.032, and 0.047, respectively.). In group A, urine levels of DHEA, A 2 , and A 2 metabolites were significantly lower (P=0.007, 0.009, and 0.011, respectively). Except for 3a-dihydroprogesterone and tetrahydrocortisol, there was no significant difference in the levels of progesterone or in the metabolites of other steroid hormones (e.g., adrenal cortical hormones) between the 2 groups. From these results, we can infer that a deficiency in DHEA resulted in a decrease in the production of estrogen in the threatened miscarriage group (Figure 1) , and a deficiency in estrogen activity may cause bleeding during the first trimester of pregnancy. Table 3 shows that the activity of the hydroxylation pathway for estrogen was decreased during normal pregnancy (in group B), while there was no significant difference between the threatened abortion group (group A) and the group of normal non-pregnant women (group C). These changes included a decrease in 2OH-E 1 /E 1 and 4OH-E 1 /E 1 ratios. The 2OH-E 2 /E 2 and 4OH-E 2 /E 2 ratios were dramatically lower in the pregnant groups (groups A and B) than in group C, but there was no significant difference between group A and group B. Similar to the hydroxylation pathway, in pregnant women, the methylation pathway for estrogen was also decreased. The 2-MeOE 1 /E 1 and 2-MeOE 2 /E 2 ratios were dramatically lower in pregnant women without threatened abortion (group B) when compared with threatened abortion group (group A). The 4-MeOE 1 /E 1 ratio was lower in group B than in group C, but there was no significant difference between group A and group B. The 4-MeOE 2 /E 2 ratio was lower in pregnant women (group A and group B) than Table 3 . Hydroxylation and methylation of estrogen between pregnant women and normal non-pregnant women.
Compared with group A: * P value <0.05, ** P value <0.01; compared with group B: # P value <0.05, ## P value <0.01.
in non-pregnant women (group C). However, there was no significant difference between group A and group B.
Discussion
A diagnosis of threatened abortion is made when there is vaginal bleeding before 28 weeks of gestation in cases with confirmed fetal cardiac activity by ultrasound and a closed cervix. Bleeding during pregnancy can cause maternal physical and psychological distress, and studies have shown that bleeding may also be associated with adverse maternal and fetal outcomes. The results of the present study are consistent with those of previous studies. Two miscarriages occurred in group A, although there was no significant difference of the miscarriage rates between the 2 groups. There was a trend for an increase in the pregnancy complication rates in the threatened abortion group, but no significant difference was found. These results may be biased because of the small sample size.
Developing convenient and effective methods for the early assessment of this condition is a matter of critical importance. Maternal endocrine levels are a generally accepted etiology, in addition to chromosomal anomalies of the fetus and infectious etiologies, for maternal bleeding. Sex hormone metabolism and balance each play an important role in the maintenance and development of pregnancy. Generally, serum hCG and P 4 levels are the main endocrine indexes used to evaluate threatened abortion. However, few reports have examined changes in E 2 and T levels in early pregnancy.
In this study, we found that there was no difference in serum hCG levels between the threatened abortion group and the normal pregnancy group. Similar to the result for hCG levels, no significant difference was found in serum P 4 values between the 2 groups. However, unlike findings reported in past studies, we found that serum E 2 and T levels were significantly lower in the threatened miscarriage group than in the normal pregnancy group. Previous studies suggested that progesterone deficiency is the main reason for bleeding in the first trimester when other reasons have been excluded, and luteal supportive treatment is therefore the main therapy used to treat threatened abortion [12] . An inadequate increase in hCG has been associated with failing pregnancy and miscarriage, and hCG has therefore been used to treat threatened miscarriage, but the results of this treatment regimen have been inconsistent. A previous meta-analysis showed that there was no significant difference in the incidence of subsequent miscarriage in women with threatened abortion who were treated with or without hCG [13] . Studies have also suggested that using a combination of progesterone and estrogen to treat threatened abortion may yield better clinical results, but there is currently no consensus on this issue [14] .
The serum hormone levels observed in this study indicated that estrogen deficiency and decreased T levels might be associated with bleeding. The abnormal levels of estrogen and T that induced adverse outcomes during the first trimester of pregnancy may have been caused by a break in the balance between immunization and inflammatory reactions in addition to the maldevelopment of the endometrium. Estrogen deficiency may be caused by changes in sex hormone metabolism in women with threatened abortion. It is therefore clinically important to increase our understanding of sex hormone metabolism during early pregnancy and to provide a basis for research into the etiology of and potential treatments for women with threatened abortion.
Sex hormonal imbalances are associated with miscarriages. The sex hormonal system is a complicated orchestra of hormones that runs on a very specific schedule. If any of these hormones are out of balance, it possibly affects the whole circulation, including affecting early pregnancy. This is the first study to evaluate sex hormone metabonomics in pregnancy during the first trimester. A comprehensive set of sex hormones and their metabolites were detected in urine using GC-MS/MS so that we could explore differences in sex hormone metabolize between pregnant women with and without threatened miscarriage. These data provide a basis for the underlying etiology of and treatments for women with a threatened abortion. A total of 12 estrogen metabolites, 7 progesterone metabolites, and 10 androgen metabolites, in addition to glucocorticoid metabolites, were analyzed in urine samples obtained from the study subjects. Progesterone is a vital hormone produced by the corpus luteum that provides support during early pregnancy. At about 10-12 week's gestation, placental progesterone production takes over the ovaries. Historically, low levels of circulating progesterone have been associated with vaginal bleeding and impending miscarriage during early pregnancy. Although it has been suggested that lacking progesterone can directly cause miscarriage rather than being a secondary signal of a failing pregnancy, we found no difference in progesterone levels or the levels of its metabolites in urine samples obtained from the threatened miscarriage (group A) and normal pregnancy (group B) groups, consistent with the results of blood tests. However, there was a significant decrease in DHEA and A 2 (define A 2 ) in group A. As a precursor of estrogen, DHEA is converted to A 2 by 3b-hydroxysteroid dehydrogenase (HSD), and A 2 is then converted to E 1 and E 2 by aromatase. A 2 can also be converted to T and epi-testosterone by 17b-HSD and 17a-HSD, respectively (Figure 1 ). Because they have reduced levels of DHEA, there was a trend toward declines in estrogen and its metabolites, including E 1 , E 2 , E3, 16a-OHE 1 , 4-MeOE 1 , 2-OHE 2 , and 4-MeOE 2 , in the threatened miscarriage group. Estrogen is a highly important hormone in women that plays a critical role in establishing and maintaining pregnancy. Estrogen affects the whole process of pregnancy, including the postpartum recovery period. Estrogen stimulates VEGF production and blood vessel formation to enable maternal-fetal circulation [15] . Estrogen has double-edged functions in immune regulation in that it modulates the immune response by inducing peripheral T cells to secrete the proinflammatory cytokines IFN-g and IL-2 [16] , but also promotes tolerance by inducing the secretion of IL-10 [17] . It has therefore been reported that 17b-E 2 is better than other indicators for determining the outcome of a pregnancy [18] , and our results are consistent with this finding. Furthermore, DHEA is currently used to improve the ovarian environment prior to conception, increase pregnancy rates, and improve pregnancy outcomes for women with diminished ovarian reserve (DOR). Gleicher et al. [19] analyzed the miscarriage rate in 73 women with DOR undergoing DHEA supplementation before pregnancy, and found that miscarriage rates after DHEA treatment not only were lower than in an average national IVF population, but also were comparable to rates reported in normally fertile populations. Supplementation with DHEA may improve egg quality and increase live birth rates for women with a DOR and for infertile women, but not in poor-responder patients undergoing IVF [20] . Our team's previous study confirmed that in patients with a DOR undergoing IVF treatment, DHEA treatment for 3 months before IVF can increase the level of BMP-15 in follicular fluid samples and improve the quality of embryos [21] . DHEA functions as an immune regulator and play an important role in regulating the immune response in the ovaries. It may be that the physiological mechanism of the immune regulation is the result of the conversion of DHEA to downstream sex steroids. DHEA can also regulate the balance of the Th1/Th2 response and the balance between CD4+/CD8+ T cells [22] . The pregnant women involved in the present study were at the early stage of pregnancy (6-8 weeks), so their placentas were not yet fully formed; therefore, the secretion of sex hormones and immune regulation were mainly performed using ovarian tissue, and once the balance in these processed was disrupted, threatened abortion may have occurred. Our data suggest that a deficiency in DHEA and/or androstenedione is a prognostic indicator of bleeding during early pregnancy.
To the best of our knowledge, the absolute levels of all types of sex hormones (e.g., estrogens, progesterones, androgens, and their metabolites) increase during pregnancy. Hence, this study did not compare the absolute values of these sex hormones and their metabolites in non-pregnant women. However, we found that levels of members of the hydroxylation metabolism pathway (including 2OH-E 1 /E 1 and 4OH-E 1 /E 1 ) were lower in the normal pregnancy group than in non-pregnant women. However, interestingly, there was no significant difference between the threatened abortion group and the normal non-pregnant women. The ratios of 2OH-E 2 /E 2 and 4OH-E 2 /E 2 were dramatically lower in the pregnant groups. Levels of members of the methylation metabolism pathway were also lower in pregnant women than in non-pregnant women. The ratios of 2-MeOE 1 /E 1 and 2-MeOE 2 /E 2 were dramatically lower in the pregnant women without threatened abortion, but there was no significant difference between the pregnant women with threatened abortion and the normal non-pregnant women. The ratio of 4-MeOE 2 /E 2 was lower in pregnant women than in non-pregnant women. The estrogen metabolites 2-OHE 1 , 4-OHE 1 , and 16a-OHE 1 are produced via irreversible hydroxylation at the C-2, -4 or -16 26 positions of the steroid ring [23] . The biological effects of different factors depend on their affinity for binding the estrogen receptor (ER). For example, 16-OHE 1 is a potent estrogen that can bind covalently to ER, resulting in adverse cell proliferation, whereas 2-OHE 1 is weakly estrogenic and exhibits reduced receptor affinity with ER (24) . Therefore, 2-OHE 1 is considered an antagonist of estrogen that can inhibit cell proliferation [25] . Studies have indicated that the 4-OH metabolic pathway potentially induces genotoxic damage because its products can be further oxidized, resulting in the formation of reactive semi-quinones and quinines [26] [27] [28] . Furthermore, 4-OHE can undergo redox circulation to produce reactive oxygen species, which can lead to oxidative damage. However, it is produced at generally lower levels than 2OHE [26, 29] . Many studies have investigated the effects of estrogen hydroxylation metabolites on breast cancer. These studies have suggested that a higher ratio of 2/16OHE 1 is associated with a lower breast cancer risk and that the 2/16OH ratio is less regulated by metabolic genes. The 2/16OH ratio has therefore been recommended as an independent biomarker of breast cancer risk [28, 30, 31] . Unlike the hydroxylation of estrogens, the methylation of estrogens can protect DNA from injury by preventing the formation of potentially mutagenic products [32] . Our results suggest that a series of changes occur in estrogen metabolism after pregnancy begins, including a decrease in hydroxylation and methylation metabolism, to provide enough biologically active estrogens to maintain a normal pregnancy. However, in the threatened abortion group, hydroxylation metabolism, especially that involving 2-OHE 1 and 4-OHE 1 , did not decrease in a timely manner, which led to a relatively insufficient level of estrogen. This may be another reason that bleeding can occur in the first trimester of pregnancy.
In this study, dry urine strips and GC-MS/MS were used to detect the levels of sex hormones and their metabolites in urine samples. This method is non-invasive and convenient (patients can collect the sample by themselves without any professional skills), and the samples are easy to store and transport. The results of using urine and this method were consistent with the result of using traditional blood tests. Moreover, this method provides higher repeatability, specificity, and accuracy.
One limitation of this study may be that the sample sizes were not large enough. Further studies that include a larger sample size are ongoing that involve the implementation of clinical interventions based on the results of the study.
Conclusion
We conclude that both blood and urine levels of androgens were lower in the threatened abortion group than in the normal pregnancy group. In the first trimester of pregnancy, the hydroxylation and methylation estrogen pathways exhibited less activity in women with normal pregnancies, but the activity of these pathways was not significantly lower in the threatened miscarriage group. Being deficient in DHEA, a substrate for estrogens, or having abnormal levels of sex hormone metabolites may cause the deficiency in estrogen activity observed in women with threatened abortion. This may in turn generate bleeding during the first trimester of pregnancy. The GC-MS/MS technique offers a method that is more comprehensive, effective, and non-invasive than blood tests for detecting sex hormone metabolites in urine samples.
